Introduction guished and regulated in different cell types.
In the present study, we have made use of the Snap25 Synchronization of exocytosis with electrical activity in knockout mouse to investigate vesicle secretion from excitable cells is made possible by the tight temporal fetal chromaffin cells using rapid electrophysiological linkage between vesicle fusion and the intracellular caltechniques under conditions where either SNAP-25 isocium signal. This feature of neuroexocytosis depends on form alone or SNAP-23 participated in secretion. Our (1) the presence of a pool of release-ready or "primed" data show that all three SNARE proteins can support vesicles, formed by maturation of vesicles already vesicular fusion and neurotransmitter release; however, docked to the plasma membrane (Parsons et al., 1995) , the distinguishing feature of the SNAP-25 isoforms is and (2) the steep dependency of the fusion probability that they are able to support a standing pool of primed of primed vesicles on the intracellular calcium concenvesicles. In this respect, the SNAP-25b isoform is two tration, [Ca ysis of data from heterozygous and homozygous wildto the individual traces (Experimental Procedures); the type animals showed no difference in the amount or amplitudes of the first two exponentials correspond to kinetics of secretion (data not shown). Therefore, these the size of the fast burst (RRP) and the slow burst (SRP) data were pooled and termed control in these and future component, respectively, whereas their time constants experiments.
provide information about the kinetics of release. brain development, we compared the characteristics of the first ( Figure 3B ). Kinetic analysis showed that the two burst components did not differ in their kinetics of exocytosis after expression of either isoform in mutant cells. As seen in the previous experiments, SNAP-25a fusion (SNAP-25a: 1 ϭ 15 Ϯ 1 ms, 2 ϭ 165 Ϯ 24 ms; SNAP-25b: 1 ϭ 17 Ϯ 1 ms, 2 ϭ 128 Ϯ 13 ms); however, expression rescued secretion in mutant cells to control levels (compare Figure 3A and Figure 2) . However, overthe sizes of both the fast and the slow bursts were increased by a factor of two to three in SNAP-25b overexpression of SNAP-25b resulted in an even larger increase in secretion, effectively rescuing secretion to a expressing cells ( Figures 3A and 3B, bottom) . In contrast, the rate of the sustained component did not vary level greater than SNAP-25a-expressing cells ( Figure  3A ). This effect was robust, as it was also present when with the isoform. We next overexpressed SNAP-25 isoforms in control a second flash stimulation was performed ‫2ف‬ min after assaying secretion using a carbon fiber placed in direct The observed difference in secretion promoted by contact with the cell. We preferred amperometric detec-SNAP-25a and SNAP-25b isoforms was not due to diftion in these extended experiments because capaciferences in expression levels. First of all, Western blot tance measurements would be contaminated with slow analysis showed that the constructs expressed similar endocytotic processes. amounts of protein (above). Second, we preselected As shown in Figure 5A , infusion with ‫01ف‬ M Ca Figure 5C ). ric spikes. We again found no significant differences upon overexpression, except that the normal foot duraThe amperometric measurements provide information about the kinetics of catecholamine release from individtion was rescued in all three experiments (Table 1) . ual vesicles, starting at the time a fusion pore forms that is large enough to allow escape of catecholamines. We Discussion therefore identified individual spikes and estimated spike charge (Q), peak amplitude, halfwidth (i.e., dura-SNAP-25 and Vesicle Docking Studies in several organisms have shown that SNARE tion at half amplitude), 50%-90% risetime, and the duration of the so-called foot signal (Figures 5D and 5E 
Variants and SNAP-23
It must be stressed that for technical reasons we have A question of considerable current interest is to which not been able to measure the depriming rate directly. degree is SNARE interaction specific? The SNARE hyOriginally, reversibility of the priming process was pospothesis stated that recognition between specific tulated in the model to limit the size of the releasable v-SNAREs and t-SNAREs form the basis for specificity pools, SRP and RRP ( tors and thereby confer stability to the fusion machinery. Future experiments will be needed to distinguish beAmperometry tween these possibilities.
Amperometric fibers were prepared as described (Schulte and Regardless of the precise mechanism for setting the Chow, 1996 the brief duration of an evoked calcium signal.
When analyzing two different cell populations with very different release rates, this can lead to sampling error, because in the cell Experimental Procedures type with the higher release rate, slower spikes will have a higher probability of overlapping with another spike than a fast spike; thus, Preparation of Embryonic Mouse Chromaffin Cells slower spikes will become underrepresented in the analysis. We Following caesarean section, embryonic adrenal glands were discircumvented this problem by imposing an artificial dead time, set sected, placed in filtered Locke's solution (154 mM NaCl, 5.6 mM to 50 ms, so that only those spikes were considered where the peak KCl, 0.85 mM NaH 2 PO 4 , 2.15 mM Na 2 HPO 4 , and 10 mM Glucose of another spike did not appear within a time interval 50 ms before [pH 7.0]), and cleaned free of connective tissue. The glands were and after the spike in question. Since 50 ms was long enough that incubated with 0.2 ml papain solution (see below) at 37ЊC for 40 a spike reaching the peak outside of this interval would not prevent min with slight shaking, followed by addition of 150 l inactivating the analysis of the spike in question, this procedure eliminated slow solution for 5 min. The solution was then carefully replaced by 0.2 and fast spikes with the same probability. ml enriched DMEM medium and the glands triturated gently through The other problem is caused by the large number of events per a 200 l pipette tip. 50 l of the cell suspension was plated on each cells combined with a large cell-to-cell variability in spike paramesterile coverslip in 6-well plates, the cells were allowed to settle ters, which can cause errors if the spikes are pooled for statistical before supplementing with enriched medium. The cells were incutesting (Colliver et al., 2000). We therefore used all spikes recorded bated at 37ЊC and 10% CO 2 and used within 3 days. Papain solution:
in a cell to estimate one statistic per cell (the cell median of each 250 ml DMEM medium (Linaris, Wertheim-Bettingen, Germany) supspike parameter) and compared this statistic between cell populaplemented with 50 mg L-Cysteine, 2.5 ml 0.1 M CaCl 2 , 2.5 ml 50 tions (Table 1) . Only cells where at least ten spikes were recorded mM EDTA, and 20-25 units/ml papain (Worthington, Lakewood, NJ) entered the analysis. The maximum number of spikes analyzed per and equilibrated with 5% CO 2 . Inactivating solution: 225 ml DMEM cell was set to 130. medium supplemented with 25 ml heat inactivated fetal calf serum (Invitrogen, San Diego, CA), 625 mg albumin, 625 mg trypsin inhibitor Preparation of Viral Constructs (Sigma, St. Louis, MO). Enriched DMEM medium: 500 ml DMEM A modified pSFV1 (Invitrogen) plasmid was used, where an internal supplemented with 2 ml penicillin/streptomycin (Invitrogen) and 5 ml ribosome entry site from polio virus had been inserted followed by insulin-transferrin-selenium-X (Invitrogen).
the gene for enhanced GFP, as described ( 
